In each of 41 research journals in the physical, life, and social sciences there is a linear relationship between the average number of references and the normalized paper lengths. For most of the journals in a given field, the relationship is the same within statistical errors. For papers of average lengths in different sciences the average number of references is the same within ±17%. Because papers of average lengths in various sciences have the same number of references, we conclude that the citation counts to them can be inter-compared within that accuracy. However, review journals are different: after scanning 18 review journals we found that those papers average twice the number of references as research papers of the same lengths.
Introductionchemistry journals but he did not study the relationship between paper lengths and numbers of references for individual papers. Similarly, Dimitroff (1992) counted mean paper lengths and mean numbers of citations in the Bulletin of the Medical Library Association but did not consider the relationship of lengths and references of individual papers. We are unaware of additional studies relating numbers of references and paper lengths.
The results by Abt are far-reaching in showing that in the physical sciences the average reference counts are the same for papers of the same length in different sciences. As one would expect, a major study leading to a long paper and including many references is likely to receive more citations than a short one; that produces the relationship between citation counts and reference counts.
In the present study we explore whether the same results apply to the life and social sciences. If they do, then citation counts can be used to evaluate the relative importance of papers in different physical, life, and social sciences, and to evaluate the relative research efforts of their authors and institutions. If they do not, then one should not compare the citation counts in different sciences.
Original Research Papers
We first studied journals containing original research papers; in the following section we will discuss review papers. We first studied journals in four fields of the life and social sciences, namely (1) biochemistry & molecular biology, (2) immunology, (3) general medicine, and (4) the social sciences. In most journals we scanned 200 papers to form five to nine mean data points of the mean numbers of references as a function of paper length. Not counted were news notes, comments, book reviews, errata, reports, obituaries, and review papers. Journals from 1999-2000 were used so that they could be compared with the data of the same years in the physical sciences in Abt (2000) . We counted words per page of textual material to derive paper lengths in 1000-word pages. The resulting normalization factors ranged from 0.4 (for small format journals) to 1.2 for large crowded pages. Hereafter all use of the words "pages" and "paper lengths" refers to normalized 1000-word pages.
One should not expect perfect agreement between journals in their relationships between reference numbers and paper lengths because some journals (e.g. astronomy) use acronyms for journal titles and do not include paper titles; nearly all of their references occupy less than one printed line, one column wide. On the other hand, most of the references in the life sciences do not use acronyms for journal titles and give full paper titles, so that their reference lists often constitute 15% of the paper lengths. Therefore one can expect differences of up to 15% between journals because of those differing styles.
A. Biochemistry & Molecular Biology
For biochemistry & molecular biology the 10 journals scanned are listed in Table  1 together with their 1999 Impact Factors. An Impact Factor, IF, for a specific journal is the average annual number of worldwide citations per paper in that journal, averaged over the previous two years. The values were taken from the Institute for Scientific Information's Journal Citation Reports based on the Science Citation Index.
As we shall see, the mean numbers of references in papers turn out to be linear functions of the paper lengths. They have the form R = a + bL where a and b are constants determined from least-squares regressions. Those linear relations are given in the third column of Table 1 . The observed-minus-calculated scatter of the data points about those linear least-squares relations is given in the last column. A typical example is shown in Figure 1 for Neurochemical Research, which was selected for illustration because it has a scatter (±2.38) close to the mean in Table 1 . The linear reference-length relations listed in Table 1 do not differ substantially and do not seem to depend upon the Impact Factors, so we plotted all the mean data points for these 10 journals in Figure 2 . The mean linear relation is given by R = 13.3 +3.6L. The scatter of the points about the mean linear relation is ±4.31 references, which is less than twice the average (±2.46) listed in Table 1 . A scatter of less than 2 σ is not considered statistically significant, so we conclude that in the field of biochemistry & molecular biology, all the journals have a similar dependence of reference numbers upon paper length, despite a range of Impact Factors from 1.76 to 36.24. Table 1 .
B. Immunology
Next we considered papers in five journals in immunology. They are listed in Table 2 and have a range from 2.56 to 15.65 in Impact Factors. Figure 3 shows the result of combining the data points for the five journals. The mean relation is R = 6.9 + 4.2L and the scatter about that relation is ±3.04 references or only 2.0 σ. Again we conclude that there are no significant differences between those journals. Furthermore, the graphs for the biochemistry and immunology journals are similar, so their data points would fit the linear relations in either Figure 2 or 3. 
C. General Medicine
The eight journals scanned in general medicine have a range in IF from 1.22 to 28.86, and are listed in Table 3 . Figure 4 shows the combined data points for the first seven of these journals. The mean relation is R = -5.7 +7.3L. The mean scatter about that relation is ±5.93 references or about 2 σ. The linear relations between references and paper lengths are similar for the first six journals (those with IF > 5) but steeper for the last two. However, even those first six journals have a higher mean slope (7.3) than that for the 10 biochemistry journals (3.6) and five immunology journals (4.2). The data points in Figure 4 will not fit the linear relations in Figures 2 and 3 . Thus there is a significantly different R-L relation for general medicine than for the other two life sciences, particularly for papers more than 7 pages long. Before exploring that difference, let us look at the data (partly published) for the physical sciences. 
D. Physical sciences
The data from Abt (2000) for the nine journals in the physical sciences are listed in Table 4 . The R-L relation for the first seven is similar and the combined graph is shown in Figure 5 . The scatter about the mean R-L relation of R = 14.4 + 2.2L is ±3.57 references or 1.3 times the mean scatter in Table 4 . Therefore there are no significant differences among these seven journals. However, the last two journals with low IF in Table 4 have a lower ordinate intercept of about 6, rather than 14.4. The main difference between the R-L relation for the physical sciences and the life sciences is the smaller slope of 2.2 compared with 3.6 for the biochemistry journals, 4.2 for the immunology journals, and 7.3 in general medicine. This means that although most of the journals in a given field have a similar R-L relation, that relation may be different than in other fields. 
E. Social sciences
Finally let us look at the results from scanning nine journals in the social sciences. They are listed in Table 5 . In this case we list the 1998 Impact Factors. These journals have far fewer research papers, namely an average of 70 in two years, than the journals in the life and physical sciences for which 200 papers were scanned. Therefore our statistical errors are much larger for the social science journals. When we plot in Figure  6 the data for the nine journals, the scatter of ±18.6 references is 2.6σ, indicating significant differences among these journals. The mean relation of R = 11.2 + 2.5L indicates a slope that is not substantially different than that for biochemistry and molecular biology (3.6) or immunology (4.2) or the physical sciences (2.2). This means that the social science papers give similar results to those for the life and physical sciences.
How serious are these differences in R-L relations? The results for the five sciences are summarized in Table 6 . The second and third columns give the range of the Impact Factors and the R-L relations. We see that the maximum Impact Factors range over a factor of 10 and the slopes of the R-L relations over a factor of 3. The fourth column gives the mean paper lengths and those range over a factor of 3.3. The last column gives the mean number of references for paper is each field. We see that those means average 42.1 ± 6.9, where the scatter is ±17%. That approaches the expected error of 15% due to differing styles of reference lists. Therefore we can conclude that the mean numbers of references per paper are the same in all five fields, implying that citation counts can be inter-compared among these five fields. No one field is guilty of using substantially more references per average paper than the others.
Other parameters
We suspected (in the second paragraph of the Introduction) that Impact Factors might influence citation rates. Only in the cases of general medicine, where the two journals with the lowest IF had steeper R-L relations, and the physical sciences, where the two journals with the lowest IF had smaller intercepts in the R-L relations, did the Impact Factors affect the results. Otherwise a range by a factor of 10 in IF produced no significant effect upon the citation counts. This confirms Seglen's (1992) evidence of a lack of a correlation between citation frequencies and IF.
We did not explore in this study the effect of different rates of growth among fields. Abt (1998) showed that rapidly-growing fields such as astronomy and (since 1970) geophysics have long half-lives for papers, i.e. 29 years, but after correcting to constant publication rates, they have the same half-lives (6-10 year) as slower-growing fields like chemistry, physics, and general science. The fact that astronomy and geophysics do not stand out in Table 4 implies that different growth rates do not affect mean reference and citation counts. Seglen also found different citation rates in different biochemical fields, but he did not correlate those with different growth rates of those fields.
We wondered (in the Introduction) whether different numbers of authors affect citation counts. Abt (1984) showed that they do by factors up to 2.4, but all fields of science seem to have increasing average numbers of authors per paper, so this effect does not cause major differences in mean citation counts for different fields. Abt (2000) found that the number of references in astronomy papers grew by 1.5% per year over the past 30 years, undoubtedly because there is more literature to reference each year. We did not explore this effect further in this study, but we were careful to study all 41 journals that were published in the same two years (1999, 2000) We conclude that the most obvious cause of different reference counts and hence citation counts is paper lengths.
Review Papers
We would not expect the results of counting references in review papers to be the same as for research papers because the aim of the latter is to present concisely new results where references are used only for a brief history of the topic and support from quoted published results, while the aim of review papers is to provide as many pertinent references as possible.
We studied review papers in two kinds of journals: those like the Annual Reviews series are wholly devoted to review papers, while others like New England Journal of Medicine have one or two labeled review papers per issue. Both the total and partial review journals are listed in Table 7 , where a "(P)" designates the latter. The numbers of papers in the review journals tend to be 30-60 in two years (1999, 2000) , much less than the 200 papers scanned in the cases of most of the journals of original research papers. Table 7 gives the results for 18 review journals. The second column gives the Impact Factors for 1999 (life, physical sciences) or 1998 (social sciences). The third column is the linear relation between number of references and paper lengths. The table is separated into blocks of journals from four of the five fields of life sciences studied. Figure 7 shows the combined results for only the first 14 journals; the relation is given by R = -14.2 + 11.0L. The deviations from the linear relation are given in the last column of Table 7 . The mean scatter of ±9.6 references is 1.7σ times the mean scatter. We see in Table 7 that the slopes for the first 14 journals are about the same except for the Annual Reviews of Biophysics and Biomolecular Structure; its three data points are the lowest ones in Figure 7 . However three of the four review journals in sociology have slopes round 6 and their data points would fall very low in Figure 7 , although they would be high for the research sociology journals shown in Figure 6 . The general conclusion from Figure 7 compared to Figures 2-6 is that review journals have roughly twice as many references as research journals of the same length.
We also see from an Inspection of Table 7 that in each field the journals with higher Impact Factors generally have the slightly higher slopes in the linear relations. That makes sense in that review papers that are longer and have many references are more useful than ones with fewer. This will lead to higher Impact Factors. Fig. 6 -The R-L relation for nine journals in the social sciences. Note that the horizontal and vertical scales are double those in the other figures because papers in the social sciences tend to be longer. 
